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Description 
COOLANT COOLED RF BODY COIL 

Background of Invention 

[0001] The present invention relates generally to magnetic reso- 
nance imaging systems and more particularly to a 
coolant-cooled RF body coil for use in a magnetic reso- 
nance imaging system. 

[0002] Magnetic Resonance Imaging (MRI) is a well-known medi- 
cal procedure for obtaining detailed, one, two and three- 
dimensional images of patients, using the methodology of 
nuclear magnetic resonance (NMR). MRI is well suited to 
the visualization of soft tissues and is primarily used for 
diagnosing disease pathologies and internal injuries. 

[0003] Typical MRI systems include a superconducting magnet 
capable of producing a strong, homogenous magnetic 
field around a patient or portion of the patient; a radio 
frequency (RF) transmitter and receiver system, including 
transmitter and receiver coils, also surrounding or im- 
pinging upon a portion of the patient; a magnetic gradient 
coil system also surrounding a portion of the patient; and 



a computer processing/imaging system, receiving tlie sig- 
nals from the receiver coil and processing the signals into 
interpretable data, such as visual images. 

[0004] jhe superconducting magnet is used in conjunction with a 
magnetic gradient coil assembly, which is temporally 
pulsed to generate a sequence of controlled gradients in 
the main magnetic field during a MRI data gathering se- 
quence. Inasmuch as the main superconducting magnet 
produces a homogeneous field, no spatial property varies 
from location to location within the space bathed by such 
field; therefore, no spatial information, particularly per- 
taining to an image, can be extracted there from, except 
by the introduction of ancillary means for causing spatial 
(and temporal) variations in the field strength. The above- 
mentioned gradient coil assembly fulfills this function; 
and it is by this means of manipulating the gradient fields 
that spatial information is typically encoded. 

[0005] Jhe actual image data consist of radio frequency signals, 
which are stimulated and received by means of systems of 
resonant radio frequency coils that irradiate the patient in 
the scanning volume. These coils typically fall into two 
classes: volume and surface resonators. 

[0006] A magnetic resonance apparatus has a plurality of gradi- 



ent coils that are arranged on a (superconductive) magnet, 
sucli as the exterior of the cryostat. These gradient coils 
each generate a magnetic field with a linear gradient, 
which is essential for generating image signals. Three 
gradient coils are normally provided, respectively generat- 
ing linear magnetic field gradients during operation of the 
magnetic resonance apparatus that are directed perpen- 
dicular to one another. The directions of these gradients 
are usually indicated as the x, y and z-axis of a Cartesian 
coordinate system. 
[0007] A diagnostic nuclear magnetic resonance device of the 

above general type is known from U.S. Pat. No. 4,954,781. 
The nuclear magnetic resonance device disclosed therein 
has a cylindrical examination chamber that accepts a pa- 
tient to be examined. The examination chamber is sur- 
rounded by a superconducting magnet that generates a 
homogeneous main magnetic field in the examination 
chamber extending in an axial direction, i.e. the z- 
direction. A cylindrical carrier tube is arranged between 
the superconducting magnet and the examination cham- 
ber, to which gradient coils are attached for the genera- 
tion of gradient fields in directions perpendicular to one 
another, of which one direction coincides with the direc- 



tion of the main magnetic field in tlie z-direction. High- 
frequency antennas are lilcewise fastened to the carrier 
tube, by means of which nuclear spins in an examination 
subject are excited and the resulting nuclear magnetic 
resonance signals are received. 
[0008] In the operation of the nuclear magnetic resonance appa- 
ratus for the generation of sectional images, the gradient 
fields must be switched on and off. This is achieved by 
supplying the gradient coils with switched currents of dif- 
ferent amplitudes and different switching frequencies, 
with the direction of the currents through the gradient 
coils additionally being changed. This has the conse- 
quence that the conductors of the gradient coils, as well 
as the carrier tube, heat up. Furthermore, the conductors 
are exposed to oscillating forces that produce bothersome 
noises. In modern imaging sequences, particularly during 
rapid imaging, the gradient coils can reach high tempera- 
tures and can emit high acoustic noise levels. 
Summary of Invention 

[0009] The present invention addresses these concerns by pro- 
viding a thermal barrier between the patient bore and 
each of the gradient coil assembly and RF body coil as- 
sembly to maintain the temperature within the patient 



bore below a maximum operating temperature. This al- 
lows the RF body coils to run cooler and also provide a 
barrier to the gradient coils. 

[0010] In one preferred embodiment, a hollow conductor struc- 
ture is introduced to the RF body coils at a position be- 
tween the gradient coils and the patient bore tube. Cool- 
ing water, or other coolant, introduced through the hollow 
conductor structure captures heat generated from the 
gradient coils and RF body coils during MR! scans, therein 
preventing the heat from entering the patient bore. 

[0011] In another preferred embodiment, the hollow conductor 
structure replaces the flat copper strip of the prior art and 
itself functions as the RF body coils. Again, as in the other 
preferred embodiment, cooling water introduced through 
the hollow conductor structure captures heat generated 
from the gradient coils and RF body coils during MRI 
scans, therein preventing the heat from entering the pa- 
tient bore. 

[0012] The present invention thus allows the RF body coils to run 
cooler and provide a thermal barrier to the heat emitted 
by the gradient coil during MRI scans. Therefore, the pa- 
tient bore of the system will be cooler during the scans. 
This in turn allows the scans to be longer without ad- 



versely affecting the patient. Anotlier potential benefit is 
tliat tlie hollow conductor will provide a stiffer RF body 
coil, which may reduce acoustical noise generated during 
scanning operations. 
[0013] Other objects and advantages of the present invention will 
become apparent upon the following detailed description 
and appended claims, and upon reference to the accom- 
panying drawings. 
Brief Description of Drawings 

[0014] Figure 1 is block diagram of a magnetic resonance imag- 
ing system. 

[0015] Figure 2 is a partial section view of magnetic resonance 
imaging system having an RF body coil assembly accord- 
ing to one embodiment of the prior art. 

[0016] Figure 3 is a partial section view of magnetic resonance 
imaging system having an RF body coil assembly accord- 
ing to another embodiment of the prior art. 

[0017] Figure 4 is a partial section view of magnetic resonance 
imaging system having a water cooled RF body coil as- 
sembly according to one embodiment of the present in- 
vention. 

[0018] Figure 5 is a side view of Figure 4. 



[0019] Figure 6 is a partial section view of magnetic resonance 
imaging system liaving a water cooled RF body coil as- 
sembly according to another preferred embodiment of the 
present invention. 

[0020] Figure 7 is a side view of Figure 6. 

Detailed Description 

[0021] In the following description, various operating parameters 
and components are described for one constructed em- 
bodiment. These specific parameters and components are 
included as examples and are not meant to be limiting. 

[0022] Also in the following description, a MRI system component 
may include any one of the following: a superconducting 
magnet, a superconducting magnet support structure, a 
gradient magnet assembly, or any other MRI system com- 
ponent known in the art. 

[0023] Referring now to FIGURE 1, a block diagrammatic view of a 
MRI system is shown. The system includes a substantially 
cylindrical member that defines a scanning bore 6 for 
scanning a patient 4 lying on a table 9. The scanning bore 
6 includes a RF body coil assembly 8 mounted therein. 
Two section views of an RF body coil assembly 8 accord- 
ing to the prior art are described below in Figures 2 and 3. 



[0024] jhe MRI system further includes a static magnet structure 
12 including a shielded superconducting magnet having a 
plurality of superconducting magnetic field coils which 
generate a temporally constant magnetic field along a 
longitudinal z-axis of a scanning bore 6. The supercon- 
ducting magnet coils are typically supported by a coil 
support structure and received in a cryostat. 

[0025] Jhe cryostat 46 includes the cylindrical member that de- 
fines the scanning bore 6 and extends parallel to the lon- 
gitudinal axis. On a first exterior side of the cylindrical 
member, which is longitudinal side farthest away from the 
center 30 of the scanning bore 6, is a primary magnetic 
gradient coil assembly 52 having a plurality of gradient 
coils. Located on a second exterior side of the primary 
magnetic gradient coil assembly 52 is a cylindrical dielec- 
tric former. A RF (radio frequency) shield is applied to the 
cylindrical dielectric former. 

[0026] A computer 67 controls all components of the MRI system 
2. The RF components under the control of the computer 
67 are the radio frequency source 63 and pulse program- 
mer 66. The source 63 produces a sine wave of the de- 
sired frequency. The pulse programmer 66 shapes the RF 
pulses into apodized sine pulses. The RF amplifier 64 in- 



creases the pulses power from milliwatts to kilowatts to 
drive the RF coils contained within the RF body coil as- 
sembly 8. The computer 67 also controls the gradient 
pulse programmer 70 that sets the shape and amplitude 
of each of the three gradient fields. The gradient amplifier 
68 increases the power of the gradient pulses to a level 
sufficient to drive the gradient coils contained within the 
gradient coil assembly 52. 

[0027] The operator of the MR! system 2 gives input to the com- 
puter 67 through a control console 78. An imaging se- 
quence is selected and customized from the console 78. 
The patient 4 is placed on the table 9 and positioned 
within the bore 6. The computer 67 also controls the 
movement of the table 9, which has a desired positioning 
accuracy (typically around 1 mm). The image is taken 
when the patient 4 is properly positioned, and the opera- 
tor can see the images on the video display monitor 79 
located on the console 78 or can make hard copies of the 
images on the film printer 80. 

[0028] An image reconstruction apparatus, or digitizer 74, re- 
constructs the received magnetic resonance signals re- 
ceived by an RF detector 72 into an electronic image rep- 
resentation that is stored in an image memory 76 of the 



computer 67. An image reconstruction device, such as a 
video processor 77, converts stored electronic images into 
an appropriate format for display on a video monitor 79. 
The scanned image may also be printed from the com- 
puter 67 in film form 80. 
[0029] Figures 2 and 3 illustrate two prior art embodiments of 
the RF body coil assembly 8. Referring now to Figure 2, 
the RF body coil assembly 8 is shown having multiple 
(here shown as 24) rungs, or RF antennae (coils) 25, of 
etched copper glued or otherwise coupled to a composite 
backing 27. Each antenna 25 is typically less than about 
0.5 mm in thickness. The composite backing 27 is glued 
to a carrier tube 29. The carrier tube is made of a com- 
posite material having a thickness of approximately 5 
mm. 

[0030] Alternatively, as shown in Figure 3, the antennae 25 may 
be double layered, wherein a bottom surface 31 of the 
outer antennae 33 is coupled to a composite backing 
structure 41. The composite backing structure 41 is also 
coupled to the upper surface 35 of the inner antennae 37, 
which in turn is glued to the carrier tube 29. In this em- 
bodiment, the bottom surfaces 33 overlap about 50 per- 
cent of the upper surfaces 35 of each adjacent pair of in- 



ner antennae 37. 

[0031] One problem with the RF antennae 25 of Figures 2 and 3 
is that they tend to emit a small amount of heat during 
operation. In addition, the gradient coils of the gradient 
coil assembly 52 also emit heat during operation that ra- 
diates into the scanning bore 6, thereby raising the tem- 
perature of the scanning bore 6 as experienced by the pa- 
tient 4. This causes limits to the length of the available 
duty cycles used in patient MR! scans. 

[0032] The present invention addresses these concerns by pro- 
viding a heat barrier between the patient bore 6 and each 
of the gradient coil assembly 12 and RF body coil assem- 
bly 8 to maintain the temperature within the patient bore 
6 below a maximum operating temperature. This allows 
the RF body coils to run cooler. This also provides a ther- 
mal barrier between the gradient coils and the patient 
bore. 

[0033] Two preferred embodiments of the present invention that 
can be integrated into mostly conventional MR! systems 
such as in Figure 1 are described below in Figures 4-7. In 
Figures 4 and 5, lengths of hollow conductor structure are 
introduced within the region previously occupied by the 
carrier tube 29 near the RF antenna 25. These hollow 



structures are coupled at either end to a coolant source 
and drain. A non-conductive coolant is run through the 
hollow structure. The coolant removes the heat radiating 
from the RF coils and gradient coils during operation, 
thereby preventing the heat from entering the patient 
bore 6. 

[0034] In Figures 6 and 7, the RF antennae are entirely replaced 
with a plurality of hollow conductive structures spaced 
circumferentially around the patient bore 6 that function 
as the RF antennae. A non-conductive coolant is run 
through the hollow structure. The coolant removes the 
heat radiating from the RF coils and gradient coils during 
operation, thereby preventing the heat from entering the 
patient bore 6. 

[0035] Referring now to Figure 4, a hollow conductive structure 
43 is affixed to a bottom surface 51 of each of the plural- 
ity of RF antennae 25 within a composite material 55. 
Preferably, the hollow conductive structure 43 is formed 
of copper and is affixed to the respective copper RF an- 
tennae 25 by soldering. The hollow conductive structure 
preferably has a thickness of about 3-4 millimeters. The 
number and spacing of the RF antennae 25 are designed 
such that the gaps 49 between the respective RF antennae 



25 to give acceptable performance. Thus, the number of 
RF antennae 25, and the size of the gaps 49, may be var- 
ied to give acceptable MRI scanning performance, as one 
of ordinary skill in the art can easily appreciate. 

[0036] A glass cloth 53 is also introduced within the composite 
material 55 (i.e. the glass cloth is impregnated with the 
composite material 55) to impart additional reinforcement 
to the RF body coil assembly 8. Deionized water or other 
non-conductive cooling liquids are then introduced 
through the hollow structure 43 during MRI scans to pro- 
vide cooling to the RF antennae 25 during use. This is 
necessary because the hollow structure 43 is in contact 
with the RF antennae 25. 

[0037] In addition, the hollow conductive structure 43 will pro- 
vide cooling of any radiant heat emitted from the overly- 
ing gradient coils contained within the gradient coil as- 
sembly 52 during usage. In this manner, the bore 6 can be 
maintained at a temperature below a maximum desired 
temperature during MRI scanning. This maximum temper- 
ature corresponds to a temperature that is comfortable to 
the patient during the entire MRI scan. Preferably, this 
maximum temperature is about 24 degrees Celsius. 

[0038] As best seen in Figure 5, at the ends of the RF body coil 



assembly 8, each of the ends of the hollow structures 43 
are brazed to fittings, here shown as a copper stub pipe 
59. The copper stub pipe 59 in turn is coupled to a non- 
conducting manifold, here a rubber manifold 61, that is 
plumbed in to a coolant source 63 to provide a single feed 
and return connection. Deionized water or other non- 
conductive cooling liquids introduced to the hollow con- 
ductive structure 43 from the coolant source 63 is main- 
tained between about 15 and 24 degrees Celsius to en- 
sure that the patient bore 6 is maintained below 24 de- 
grees Celsius during the MR! scan. 
[0039] Alternatively, as shown in Figures 6 and 7, the hollow 
conductive structure 43 is contained within a composite 
material 55 without the associated RF antennae. In this 
preferred embodiment, and due to the conductive nature 
of the structure 43, the structure 43 itself functions as the 
RF antennae. 

[0040] Similar to the embodiment of Figures 4 and 5, a glass 

cloth 53 is also introduced within the composite material 
55 (i.e. the glass cloth is impregnated with the composite 
material) to impart additional reinforcement to the RF 
body coil assembly 8. Deionized water or other non- 
conductive cooling liquids are then introduced through 



the hollow structure 43 during MR! scans to provide cool- 
ing to the copper portion of the hollow conductive struc- 
ture 43 during use. In addition, the hollow structure 43 
will provide cooling of any radiant heat emitted from the 
overlying gradient coils contained within the gradient coil 
assembly 52 during usage. In this manner, the bore 6 can 
be maintained at a temperature below about 24 degrees 
Celsius during MR! scanning, a temperature that is com- 
fortable to the patient. 
[0041] As best seen in Figure 7, at the ends of the RF body coil 
assembly 8, the hollow structures 43 are brazed to fit- 
tings, here shown as a copper stub pipe 59. The hollow 
structures 43 are also plugged with a brazed copper plug 
63. The copper stub pipe 59 in turn is coupled to a non- 
conducting manifold, here a rubber manifold 61, that is 
plumbed into a coolant source, here shown as a water 
source 67, to provide a single water feed and return con- 
nection. The water introduced to the hollow conductive 
structure 43 from the water source 67 is maintained be- 
tween about 15 and 24 degrees Celsius to ensure that the 
patient bore 6 is maintained below 24 degrees Celsius 
during the MR! scan. In addition, the flow rate of water 
through the hollow conductor structures 43 may also be 



controlled to maintain the patient bore 6 below the maxi- 
mum allowable temperature as desired. 

[0042] tq form the RF body coil assembly 8 of either embodi- 
ment described above, as best shown in Figures 4 and 6, 
the hollow structure 43 (with or without the optional RF 
antenna 25) and glass cloth 53 are then placed between a 
pair of steel mandrels 71, 73. The mandrels are then 
closed such that the structure 43 and glass cloth 53 are 
contained in a cavity 75 created between the mandrels 71, 
73. A quantity of the composite material 55 is then in- 
fused under vacuum pressure within the cavity 75. The 
composite material 55 impregnates the glass cloth 55 and 
substantially fills the cavity 75 while avoiding cascading 
within the structure 43 and optional RF antennae 25. The 
composite material 55 hardens (cures) within the cavity. 
The mandrels 71, 73 are then removed, therein forming 
the RF body coil assembly 8. The composite material 55 
has approximately the same thickness of the carrier tube 
29 that it replaces. The body coil assembly 8 is then in- 
troduced to the MRI system 2 in a manner similar to how 
the RF antenna and carrier tubes 29 are typically intro- 
duced within the prior art. 

[0043] The composite material 55 is preferably durable, hard. 



and somewhat thermally resistant non-conductive mate- 
rial that is easily introduced within the cavity as a liquid 
and subsequently cures to a hardened, supportive struc- 
ture. One preferred composite material 55 is formed as 
the reaction product of a bisphenol A-type epoxy resin 
with an anhydride hardener. The reaction may be acceler- 
ated through use of an appropriate catalyst, or accelera- 
tor. A mineral oil plasticizer, or flexibilizer, is also typi- 
cally introduced to toughen the cured compound and pre- 
vent crack propagation. 

[0044] The composite material 55 is preferably introduced at low 
pressures (below 10 Torr) at a slow fill rate (taking about 
4 hours to complete) to avoid "cascading" of the resin on 
the structure 43 or RF antennae 25. Cascading is charac- 
terized wherein the reaction product folds back on itself 
during the filling process, resulting in voids or low pres- 
sure air pockets. The reaction product cures at high tem- 
peratures, typically above 100 degrees Celsius. 

[0045] The preferred embodiments of the present invention as 
described in Figures 4-7 offer substantial improvements 
over typical MRI systems of the prior art. 

[0046] For example, the addition of the hollow conductor struc- 
ture 43 will allow the RF coils to cooler than in the prior 



art. This allows MR! scans having higher duty cycles with- 
out the associated higher temperature readings within the 
bore 6, therein providing added patient comfort. 
[0047] Also, the hollow conductor structure 43 will provide a 
thermal barrier to the heat emitted by the gradient coils 
during MRI scans. Again, this allows for higher duty cy- 
cles. 

[0048] In addition, the hollow conductor 43 and composite mate- 
rial 55 will provide for a stiffer RF body coil assembly 8 
than in the prior art. This in turn may reduce acoustical 
noise produced by the MRI device during MRI scans. 

[0049] While two particular embodiments of the invention have 
been shown and described, numerous variations and al- 
ternative embodiments will occur to those skilled in the 
art. For example, control of the water temperature flowing 
through the hollow conductor structures, in terms of tem- 
perature and flow rate, may be controlled externally by a 
computer based control system. Alternatively, water tem- 
perature in combination with flow rate may be manually 
controlled by a human operator. Accordingly, it is in- 
tended that the invention be limited only in terms of the 
appended claims. 



